A cis-dioxomolybdenum(VI) complex was prepared with MoO 2 (acac) 2 and a Schiff base ligand (2-((2-hydroxybenzylidene)amino)-3-(1H-indol-3-yl)propanoic acid) derived from salicylaldehyde and L-tryptophan in ethanol and designated as 
| INTRODUCTION
Molybdenum is an essential metal that is less toxic than many other metals of industrial importance. The coordination chemistry of molybdenum(VI) has attracted considerable attention due to the enzymatic role of molybdenum in reduction reactions of molecular nitrogen and nitrate in plants and hydroxylation of xanthine and aldehydes in animals. [1, 2] The ability of molybdenum to form stable complexes with oxygen-, nitrogen-and sulfur-containing ligands led to development of molybdenum Schiff base complexes. [3] Molybdenum dioxo Schiff base complexes are excellent enzyme model systems for the active sites of transferase enzymes like nitrate reductase, the active sites of which consist of a cis-MoO 2 moiety. [4, 5] In addition to the application of molybdenum(VI) Schiff base complexes possessing Mo═O in electrochemistry, [6] particular attention has been paid to applications such as antibacterial [7, 8] and antitumour [9] agents, olefin epoxidation catalysts, [10] [11] [12] sulfide oxidation, [13, 14] hydrogen generation [15] and oxidation of benzyl alcohols. [16] Schiff base complexes derived from amino acids have attracted much attention because of their inorganic and biological importance. [17] [18] [19] Schiff base complexes derived from salicylaldehyde or 2-hydroxynaphthaldehyde with amino acids can be used as non-enzymatic models analogous to intermediates in metabolic reactions of amino acids such as transamination, racemization, decarboxylation and α-or β-elimination. [20, 21] The epoxidation of alkenes is one of the most widely studied reactions in organic chemistry, since epoxides are key starting materials for forming a wide variety of products such as alcohols, polyethers and aldehydes which have widespread application in the chemical and pharmaceutical industries, and in epoxy resins, epoxy paints, surfactants, pesticides, agrochemicals, perfume materials and sweeteners. [22, 23] The type of ligand structure present in the complex and the catalytic reaction conditions have a significant effect on the catalytic activity of complexes involving the Mo(VI) metal centre. [24] As a result, several research groups have focused on the design of new dioxo Mo(VI) complexes and investigation of their catalytic behaviour as epoxidation catalysts. [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] In many cases, density functional theory (DFT) calculations have been used in understanding the molecular properties of compounds, providing good assignment of experimental spectra and illustration of reaction mechanisms. [38] In the study reported here, attempts were made to synthesize a new amino acid Schiff base complex of Mo with tryptophan and salicylaldehyde. Details of DFT studies in order to compare theoretical and experimental results together with an investigation of epoxidation catalytic behaviour and antibacterial activity of the complex are described in this paper.
| EXPERIMENTAL

| Materials and methods
All materials were of commercial reagent grade and used without further purification. t-Butyl hydroperoxide (TBHP; 70% in H 2 O) and cyclooctene were purchased from Fluka and Sigma-Aldrich, respectively. Salicylaldehyde, Ltryptophan, sodium acetate, norbornene, cyclohexene, styrene, α-methylstyrene, trans-stilbene, acetonitrile, ethanol, chloroform, dichloromethane and carbon tetrachloride were purchased from Merck.
Fourier transform infrared (FT-IR) spectra were recorded with a Bruker Tensor 27 FT-IR spectrometer using KBr pellets over the range 400-4000 cm . Elemental analyses were performed with a Heraeus CHN-O-Rapid elemental analyser. UV-visible spectral measurements were performed with a double-beam PerkinElmer Lambda 35 spectrophotometer. The 1 H NMR spectrum was recorded in DMSO-d 6 with a Bruker DPX spectrometer. Chemical analyses of samples were determined with a PerkinElmer atomic absorption spectrometer. Thermogravimetric analysis (TGA) was carried out with a PerkinElmer Pyris Diamond TG/DTA, with a nitrogen atmosphere, the flow rate and heating rate being 80 mg min , respectively. The mass spectrum of the complex was obtained with an HP (Agilent Technologies) 5937 Mass Selective Detector. Oxidation products were analysed using GC and GC-MS with an Agilent 6890 Series with a flame ionization detector, HP-5, 5% phenylmethylsiloxane capillary and an Agilent 5973 Network, mass selective detector, HP-5 MS 6989 Network GC system.
| Synthesis of [MoO 2 (Sal-Tryp)(EtOH)]
Salicylaldehyde (0.1 ml, 1 mmol, in 2 ml of ethanol) was introduced into a tryptophan solution (204 mg, 1 mmol, in 2 ml of water). Upon addition of an aqueous sodium acetate solution (164 mg, 2 mmol, in 1 ml of water), the colour changed to yellow. Then, MoO 2 (acac) 2 [39] solution (247 mg, 1 mmol, in 10 ml of ethanol) was prepared and added to the mixture followed by heating at reflux for 3 h while stirring. The white resultant solid was filtered, washed with water, ethanol and diethyl ether, and dried in air at room temperature. Yield 70%; decomposition point 288-290°C. Anal. Calcd for C 20 
| General procedure for oxidation of alkenes
To a mixture of catalyst (0.020 g) in CCl 4 (5 ml) was added the desired alkene (10 mmol) and TBHP (12 mmol, 1.6 ml) in a round-bottom flask. The suspension was then heated at reflux for 8 h. After filtration and washing the catalyst with CCl 4 , the solution was subjected to GC and GC-MS.
| Ab Initio molecular orbital calculation
All calculations were performed using Gaussian 98 software. [44] The geometries of the ligand and complex were fully optimized using the Hartree-Fock density functional scheme, the adiabatic connection method, Becke threeparameter with Lee-Yang-Parr (B3LYP) functional of DFT [45] with the standard 6-311G** basis set. Restricted formalism was applied to all closed-shell systems. Full optimizations were performed without any symmetry constrains. Harmonic vibrational frequencies were computed to confirm that an optimized geometry correctly corresponded to a local minimum that had only real frequencies. The solvent effects on the conformational equilibrium and contribution to the total enthalpies were investigated with the PCM method [46] at the B3LYP/6-31G** level. Tomasi's polarized continuum model defines the cavity as the union of a series of interlocking atomic spheres. The effect of polarization of the solvent continuum was represented numerically. Solvation calculations were carried out for ethanol with the geometry optimization for this solvent. NMR computations of absolute shieldings were performed using the GIAO method for the DFT optimized structure in the presence of solvent. The 1 H chemical shifts were calculated by using the corresponding absolute shielding calculated for Me 4 Si at the same level of theory for both ligand and complex in DMSO as solvent.
| RESULTS AND DISCUSSION
Salicylaldehyde and L-tryptophan were treated with MoO 2 (acac) 2 in ethanol and water. As seen in Scheme 1, the initially generated N-salicylidene-L-tryptophan Schiff base ligand undergoes complexation with MoO 2 (acac) 2 affording [MoO 2 (Sal-Tryp)(EtOH)].
MS was used to determine the molecular ion mass as well as molecular fragments to confirm the proposed structure of [MoO 2 (Sal-Tryp)(EtOH)] complex. This method is particularly useful when a poorly crystalline nature of a complex prevents its X-ray crystallography characterization. [47, 48] The mass spectrum of the complex shown in Figure S1 [50] To evaluate the thermal stability, the thermal decomposition of [MoO 2 (Sal-Tryp)EtOH] complex was studied ( Figure 2 ; Table 1 ). TGA carried out from 25 up to 500°C indicates that [MoO2(Sal-Tryp)EtOH] complex decomposes in three steps. The first step occurring at 30-130°C corresponds to the liberation of solvent molecule (obs. 9.62%; calc. 9.59%). The second stage appears in the range The electronic absorption spectrum of the complex in DMF exhibits three absorption bands at 275, 283 and 290 nm due to the benzene π → π*, imine π → π* and n → π* transitions of Schiff base of azomethine. [42, 51] 3.2 | Theoretical 3.2.1 | Geometry optimization of (Sal-Tryp) Schiff base ligand
The structure of the (Sal-Tryp) Schiff base ligand was fully optimized with the B3LYP method using 6-311G** basis set, with no initial symmetry restrictions and assuming C 1 point group. The optimized geometries of the (Sal-Tryp) Schiff base ligand in the gas phase were re-optimized by considering the solvent effect using the PCM method. The optimized geometry of the ligand and some structural details are depicted in Figure S4 and given in Table S1 , respectively.
| Geometry optimization of [MoO 2 (Sal-Tryp)(EtOH)] complex
In the next step, the fully optimized geometries of [MoO 2 (Sal-Tryp)(EtOH)] complex in gas phase were reoptimized by considering the solvent effect using PCM method ( Figure 3 and Table S2 ). The calculated results indicate that the complex is stabilized by 45.17 kcal mol 
| Molecular orbital analysis
The model [MoO 2 (Sal-Tryp)EtOH] complex used in this study was generated when one optimized (Sal-Tryp) molecule come close to optimized [MoO 2 (acac) 2 ] complex [26] in EtOH solvent:
To determine the nature of the bonds in [MoO 2 (Sal-Tryp) EtOH] complex, molecular orbital analysis was employed since this method is useful for presenting the factors influencing the stability of this complex. The highest occupied molecular orbital (HOMO) and lowest unoccupied molecular orbital (LUMO) of [MoO 2 (Sal-Tryp)EtOH] complex are [54] have been compared to those obtained experimentally (Table S4 , supporting information).
| Catalytic studies
Cyclooctene was used for our early exploration of epoxidation under the catalytic effect of [MoO 2 (Sal-Tryp)EtOH] complex. To determine the optimum reaction conditions, various parameters such as amount of catalyst, reaction time and effect of solvent were studied (Figures 5-7 ). As seen in Figure 5 , increasing the amount of catalyst from 3 to 20 mg increases the conversion from 25 to 100% with 100% selectivity. Therefore, all epoxidation reactions were carried out using 20 mg of catalyst.
In the next step, it was found that increasing the reaction time from 1 to 8 h using 20 mg of catalyst increases the cyclooctene conversion from 10 to 100% with 100% selectivity ( Figure 6 ).
Compared to solvents such as EtOH, CH 3 CN and ethyl acetate which are totally inefficient for epoxidation reaction, CHCl 3 , CH 2 Cl 2 and CCl 4 were found to be suitable solvents in the presence of 20 mg Schiff base complex within 8 h (Figure 7 ). The inefficiency of EtOH, CH 3 CN and ethyl acetate may be rationalized by hard-soft acid base theory. Coordination of these solvents to hard Mo(VI) ion via hard O and N atoms retards reaction perhaps by inhibiting the coordination of TBHP to the metal centre. On the other hand, noncoordinative chlorinated solvents such as CCl 4 , CHCl 3 and CH 2 Cl 2 make more efficient the coordination of TBHP to Mo(VI) ion followed by oxygen transfer to alkene. Obtaining 47 and 100% conversions respectively in CH 2 Cl 2 and CCl 4 with the most (1.6 D) and least (0 D) dipole moments is consistent with a rather non-polar transition state. [55] To test the generality of the method, epoxidation of a range of alkenes such as cyclooctene, norbornene, transstilbene, styrene and α-methyl styrene was investigated under optimized reaction conditions (Table 2) . Whereas cyclooctene exclusively gives the corresponding epoxide ( Table 2 , entry 1), cyclohexene undergoes allylic oxidation Table 2 , entry 3). It has been reported that the high epoxidation selectivity typically observed for cyclooctene is related to a poor σ C─αH -π C═C orbital overlap in the predominant conformation (Scheme 2a). Therefore, such poor overlap disfavours the α-H abstraction by radical species. [56] As such, allylic-site oxidation of cyclooctene is not in competition with epoxidation. On the other hand, cyclohexene exists in the halfchair conformation in which allylic carbons lie in the plane of the double bond (Scheme 2b). [57] Therefore, α-H abstraction by radical species competes with epoxidation, leading to 2-cyclohexene-1-ol/2-cyclohexene-1-one and cyclohexene epoxide, respectively. Particularly significant is norbornene which selectively affords the corresponding epoxide (Table 2 , entry 2). If norbornene undergoes allylic-site oxidation through α-H abstraction by radical species, it affords a bridgehead radical which has been shown to be unstable due to Bredt's rule. [58] Therefore, norbornene conclusively undergoes epoxidation reaction, affording the corresponding epoxide. In the case of styrene, trans-stilbene and α-methylstyrene, epoxidation is partly accompanied by generation of benzaldehyde, benzoic acid and acetophenone (Table 2 , entries 4, 5 and 6). A further nucleophilic attack of TBHP on the styrene, stilbene and α-methylstyrene oxides seems to be responsible for the formation of benzaldehyde and acetophenone. Benzaldehyde in turn is readily oxidized to benzoic acid.
The recyclability of [MoO 2 (Sal-Tryp)EtOH] complex as catalyst was investigated under optimum reaction conditions. After each reaction cycle with cyclooctene, the catalyst was recovered by centrifugation, washed three times with CCl 4 and dried under vacuum. It was found that after using the catalyst for five runs, there was a decrease in conversion from 100 to 94% without any changes in selectivity ( Figure 8 ).
Since no catalytic activity is observed when the filtrate of each run is subjected to epoxidation conditions in the absence of the catalyst, it can be concluded that the catalyst is truly functioning heterogeneously. The Mo content in the catalyst before and after use in reaction is 20.14 and 20.12%, respectively. No significant desorption is observed during the course of reaction.
The XRD patterns of the complex before and after use as a catalyst are shown in Figure 9 . The similarity in XRD patterns is evidence for the stability and heterogeneous character of the catalyst.
Finally, results of epoxidation of cyclooctene catalysed by [MoO 2 (Sal-Tryp)(EtOH)] in the present study have been compared to those recently reported for some Mo catalytic epoxidations ( Table 3) . As is evident, results obtained for cyclooctene in the current work are comparable or even better in some cases.
| Antibacterial activity
The in vitro antibacterial activity of the prepared [MoO 2 (SalTryp)EtOH] complex was studied and compared with the activity of two standard antibacterial drugs: nalidixic acid and vancomycin. The microorganisms used in this study were Bacillus subtilis and Staphylococcus aureus (as Grampositive bacteria) and Escherichia coli and Pseudomonas aeruginosa (as Gram-negative bacteria). The tests were done at compound concentrations of 15 and 25 mg ml . As evident from Table 4 and shown in Figure 10 , the complex at 15 mg ml −1 exhibits good activity against B. subtilis, S. aureus, E. coli and P. aeruginosa. With increasing complex concentration to 25 mg ml
, the inhibition effect of the complex increases against B. subtilis and leads to increasing inhibition zone for E. coli, P. aeruginosa and S. aureus. The antibacterial activity effect of the complex may be rationalized by chelation of ligand with metal. Partial sharing of ligand donor groups with the positive charge of the metal ion increases the delocalization of electrons over the whole ligand, which reduces the polarity of the metal ion and increases the lipophilic character of the central metal ion. The lipophilic character of the central metal ion favours SCHEME 2 Suggested mechanism for oxidation of (a) cyclooctene and (b) cyclohexene permeation through the lipid layer of cell membranes and deactivating cellular enzymes that play important role in the metabolic pathways of microorganisms. [67] [68] [69] It is significant that the complex has good inhibition activity against P. aeruginosa while standard drugs show no activity against it. Also, the complex has greater antibacterial activity against B. subtilis, S. aureus and E. coli than the standard drugs.
| CONCLUSIONS
In this study, [MoO 2 (Sal-Tryp)EtOH] complex was prepared using MoO 2 (acac) 2 and (Sal-Tryp) Schiff base ligand. The molecular structure was determined with FT-IR, UV-visible and mass spectroscopies and TGA. The optimized geometric parameters (bond lengths and bond angels) were theoretically determined. The complex was used as a catalyst for the epoxidation of several olefins with TBHP with high conversion [62] 6 Supported bis-acetylacetonatodioxo molybdenum complex on boehmite nanoparticles functionalized with imidazole 97 97 126 [63] 7 Supported bis-acetylacetonatodioxo molybdenum complex on boehmite nanoparticles functionalized with amine 97 97 89 [63] 8 MCM-41-supported molybdenum/bisdithiocarbamate 96 97 184 [64] 9 MoL 1 100 100 100 [65] 10 MoO 2 alaacacAmpMCM-41 87 99 124 [66] 11 MoO 2 valacacAmpMCM-41 35 99 66 [66] FIGURE 10 Antibacterial activities of (1) 
ACKNOWLEDGEMENT
The financial support from Alzahra University is gratefully acknowledged.
